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A MANUFACTURING CELL AND A TRANSFER AND 
MANIPULATING APPARATUS FOR WORK PIECES 


Field of the Invention 

5 

The invention relates to a manufacturing cell for work pieces. The 
invention also relates to a transfer and manipulating apparatus for work 
pieces. The invention further relates to a positioning device for work 
pieces. 

10 

Background of the Invention 


In the manufacture of various sheet metal pieces, it is known to use 
manufacturing cells of various assemblies, consisting, for example, of a 
15 robot and an edging press. In the manufacturing cell, a robot is used to 
manipulate sheets, which are brought to a pressing machine for the 
operations of bending the sheet. After this, the finished bent piece or 
the bent sheet is removed by the robot from the pressing machine and 
is placed back to a conveyor or a pallet. 

20 

One manufacturing cell of prior art is disclosed in the published appli- 
cation DE 3407445 A1 . It applies a reciprocating robot, which takes the 
sheet and places it onto an apparatus for positioning and centering the 
piece. The sheet then goes down against sensors and the bending is 
25 started. After the pressing, the robot grips the piece again. 

In apparatuses of this kind, the construction of the positioning device 
for various types of sheets will cause additional costs. Furthermore, the 
positioning device must be actively controlled, wherein it must also be 
30 provided with the necessary power supply or the supply of a pressur- 
ized medium for actuators. The operation also requires the provision of 
sensors and the coordination of the operation with the robot. 

Said positioning device can also be placed separately from the press- 
35 ing machine, in which case, after the positioning, the robot grips the 
sheet and takes it to the pressing machine. The robot holds to the 
sheet during the pressing, or grips it again at the end of the pressing, 
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and transfers it again, for example, to a pallet. When the positioning 
device is placed separately from the pressing machine, it is possible to 
place it in a desired position and to utilize, for example, gravity to move 
the sheet to a desired location and a desired position. After this, the 
5 robot grips the sheet whose position and location in relation to the 
robot is now known so that the gripper of the robot would grip the sheet 
precisely at the desired location and in the desired position, wherein 
the exact transfer of the sheet to the pressing machine would be possi- 
ble. 

10 

However, the operation is not optimized with respect to the speed of 
the manufacturing cell, because the robot now delivers the sheet first to 
the positioning device for some time and first after that takes the sheet 
to the pressing machine. The movements to the positioning device and 

15 further to the pressing machine increase the manufacturing time. Fur- 
thermore, the grippings of the sheet are increased, which slows down 
1 the operation further. Moreover, it is difficult to place the separate posi- 
tioning device in the manufacturing cells, which do not have the extra 
free space required for maintenance and the transfer of goods. Par- 

20 ticularly in the manipulation of sheets, one must make sure that several 
sheets are not attached to each other. The operation of the robot and 
the manufacturing cell is decelerated further, when extra movements 
must be made to transfer the sheets to and from a sensor for checking. 
It is an aim of the present invention to eliminate the above-presented 

25 drawbacks relating to the speed of the manufacturing cell. The aim is to 
provide a manufacturing cell with a minimum drawback caused by a 
simple, separate positioning device. The aim is particularly to reduce 
the number of transfer movements required of the robot and to make 
the positioning of the sheet and the movement of the robot even 

30 simultaneous, to improve the efficiency. 

Summary of the Invention 

The basic principle of the invention is to move the positioning device 
35 with the robot when the robot moves from one place to another. In one 
embodiment, the positioning device is arranged to move along the 
same path and in phase with the robot, wherein the positioning device 
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can be taken to use when desired. Said positioning device can also 
serve other movable or immovable robots, if the mutual operation of 
the robots can be synchronized in a suitable way. In a particularly 
advantageous embodiment, the positioning device is connected to the 
5 robot, its frame or a carriage for transferring the robot back and forth. In 
this way, a separate carriage will not be needed for transferring the 
positioning device. Said device can also be easily connected to old, 
existing movable robots. By arranging the positioning device to operate 
by the effect of gravity, there will be no need, for example, to supply 
10 pressurized air or to provide actuators. 

One advantage of the invention is that the positioning device can now 
be placed in the area in which the robot moves, wherein the additional 
space required by it is nonexistent or as small as possible. The posi- 

15 tioning of the sheet can now be performed during the time when the 
robot is moving from the storage of sheets to the pressing machine, 
wherein no separate transfer to the positioning device and further to 
the pressing machine will be needed. The time saving achieved is sig- 
nificant, even though the positioning of the sheet were only performed 

20 when the robot is at rest. In one particular embodiment, the structure is 
reliable, simple and easily connectable even to existing systems. 

Additional advantages are achieved in a preferred embodiment of the 
invention, in which the sensors for checking for the adherence of sev- 

25 eral sheets to each other are provided in the positioning device. The 
operation and placement of the sensors are selected so that the 
checking takes place simultaneously with the arrival, centering, im- 
mobility, or exit of the sheet. The checking takes place, for example, 
when the robot is moving to grip the sheet, wherein no extra delays are 

30 necessary. The advantage is thus that the sheet does not need to be 
transferred separately to a detecting location or to separate sensors, 
wherein the robot does not make any extra movements, time is saved 
and the working cycle becomes faster. Said embodiment of the inven- 
tion can also be applied in a case in which the positioning device is 

35 placed in a stationary position, separate from the moving robot or 
carriage. 
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In the robot, the detecting can be implemented, for example, by using 
jaw-type means in the way disclosed in JP 1 1232421 A, or by applying 
technology utilizing magnetic fields in the gripper of the robot, as dis- 
closed in JP 54153681 A. It is also possible to utilize various methods 
5 of prior art, based on optical detection or pattern recognition, to exam- 
ine the end edge of the sheet and to determine the quantity of the 
sheets. The detection is based on, for example, a laser or the variation 
in brightness and shade, wherein it is possible to apply technology 
according to US 5,017,773, EP 0 743 616 A2, or JP 2001184479. Said 

10 techniques can also be combined with the positioning device according 
to the invention. In one advantageous embodiment, the detection is 
stationary at the storage location. For example, the total number of 
sheets in a stack on a pallet is detected by applying said techniques, 
wherein it is easily determined, how many sheets the robot has 

15 removed from the pallet each time. 

Description of the Drawings 

In the following description, the invention will be illustrated with refer- 
20 ence to the appended drawings, in which 

Fig. 1 shows a layout principle of a manufacturing cell in a top 

view, and 

25 Fig. 2 shows a transfer and manipulating apparatus seen from the 

side, 

Fig. 3 shows a positioning device with sensors. 

30 Detailed Description of the Invention 

Figure 1 shows the layout principle of devices in a manufacturing cell. 
The cell comprises means 1 for moving a robot 5. In Fig. 1 , the location 
of placing the robot 5 of Fig. 2 is indicated with a broken line. Said 
35 means 1 comprise, for example, a carriage, a transfer device, a moving 
frame, or a corresponding system. Figure 1 shows a carriage 2, which 
moves along a predetermined path back and forth, supported by rails 3 
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and 4. The movement takes place back and forth in the X-direction in 
Fig. 1. In this case, the X-movement is parallel with the direction of the 
jaws of a pressing machine 6, wherein the bending of a sheet 7 thus 
also takes place around this direction, as shown in Fig. 2. The magni- 
5 tude of the bend is for example 90°, but it may deviate from this. It is 
possible to make several bends in the same sheet 7, and the function 
of the robot 5 is also to change the position of the sheet 7 for the 
pressing machine 6, if necessary. The technical structure of the press- 
ing machine 6 is known as such, comprising an upper jaw and a lower 
10 jaw, between which the sheet 7 is pressed and bent in a desired man- 
ner. The rails 3, 4 can be replaced with a desired guide or slide 
arrangement according to prior art to move the carriage 2 at a sufficient 
speed and accuracy. The carriage 2 is provided with the necessary 
motor and control means for the moving. 

15 

Next to the carriage 2, storage locations are provided for the sheets 7 
and the finished pieces. In this case, the storage locations are pallets 8 
and 9, which are carried, for example, by means of a forklift, and they 
may be several in number. Alternatively, various movable platforms 

20 may be used. The sheets 7 can also be brought to the robot 5 by a 
conveyor which is thus used as an intermediate storage and simul- 
taneously as a buffer storage, wherein the robot 5 moves more in the 
X-direction and picks up the sheet 7 from a given location which is thus 
used as the storage location. The finished pieces 7 can also be deliv- 

25 ered to the same or to a different conveyor to take them away. The 
conveyors used can be devices of prior art. The cell also comprises 
means 10 for controlling the robot 5 and means 11 for controlling the 
edging press 6, the necessary electrical connections, data transmission 
connections, and the necessary auxiliary devices, which comply with 

30 the prior art. 

According to Fig. 2, the means 12 for positioning the sheet 7 are 
arranged in such a way that they move at the same time when the 
robot 5 moves. The positioning means 12 comprise a support or a 
35 positioning jig functioning by the effect of gravity. A straight sheet 7 
placed in the jig 12 falls down and slides along the jig 12 to a point 
where it is placed in a desired position and in a desired location in rela- 
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tion to the robot 5. The mutual position between the robot 5 and the jig 
12 must be precisely known. In this case, the lower edge of the sheet 7 
is also rectangular. The skew side stopper 12a and the lower stopper 
12b of the jig 12 are also placed in a slanted position so that the sheet 
5 7 would slide downwards on fingers 12c. The robot 5 comprises grip- 
ping means 13, normally suction pads, for moving the sheet 7. Other 
alternatives include an electromagnet and a finger gripper. The const- 
ruction of the robot 5 is known as such, and it comprises the necessary 
number of arms linked to each other via joints, so that the desired prog- 

10 rammed movements could be performed. The robot 5 can also be rep- 
laced with a manipulator apparatus which is controlled to move in a 
corresponding manner and is capable of performing the presented 
functions. By means of the jig 12, the location of the sheet 7 is now 
known, so the robot knows the exact position and location of the sheet 

15 to grip. At the same time, it knows how to turn the means 13 to a de- 
sired position for the gripping. In this way, the robot 5 knows how to 
bring the sheet 7 to the pressing machine 6 in a correct manner and 
how to place the sheet to the desired location as precisely as possible. 
The pressing machine 6 is normally provided with one or more rear 

20 stoppers, against which the sheet 7 is placed, simultaneously activating 
a sensor to indicate that the sheet 7 is in its position and the pressing 
machine 6 can start the work stages. 

The manufacturing cell operates in such a way that the robot 5 moves 
25 to the pallet 8 and selects from the pallet 8 a sheet 7 which is trans- 
ferred to the jig 12. After or during the centering of the sheet 7, the 
robot 5 moves to the pressing machine 6 and places the sheet 7 
between the jaws of the pressing machine 6. After the pressing, the 
robot 5 moves to the pallet 9 and places the bent sheet 7 onto the 
30 same. Possibly, the robot 5 holds the sheet 7 during the bending. After 
this, the robot 5 moves to the pallet 8 again or, if necessary, to the 
pallet 14, if it also carries sheets. 

According to another embodiment of the invention, the transfer device 
35 1 comprises two carriages 2, the jig 12 of Fig. 2 being placed onto one 
of them. In Fig. 1, this carriage is delineated with a broken line 15. The 
movements or positions of the carriages 2 and 15 are synchronized in 
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such a way that the robot 5 does not need to make extra movements in 
the X-direction when the sheet 7 needs to be placed in the jig 12. 
During the use of the jig 12, the carriage 15 is always in a determined 
location or at a determined distance from the robot 5. This distance is 
5 preferably always constant, even during a movement. 

One efficient system is achieved by placing two or more jigs 12 in the 
arm 16, as shown in Fig. 2, wherein the sheets 7 do not need to be 
fetched one by one. In this way, for each additional jig 12, the time is 

10 saved which is taken by the movements of the robot 5 from the press- 
ing machine 6 to the pallet 9, therefrom to the pallet 8, and further back 
to the pressing machine 6. The bent sheet 7 is returned to the first jig 
12, and the sheet in the second jig is bent after that. The last bent 
sheet does not need to be returned to the second jig, but it can be 

15 brought directly to the pallet 9. The first jig 12 is thus simultaneously an 
intermediate storage, which is used in the transfer from the pressing 
machine 6 to the pallet 9. 

According to the principle of Fig. 3, the jig 12 is also provided with sen- 

20 sor means 17 to examine if two or more sheets 7 are adhered to each 
other. The checking is necessary to avoid an attempt to bend two 
sheets simultaneously. The second sheet may be adhered to the lower 
surface of the sheet 7 when its upper surface is gripped by the robot 5. 
The cause for the adherence may be, for example, moisture or liquid 

25 between the sheets. In this case, for example a hammer-type piston 
18, a spike or other means of prior art is used, and, if necessary, also a 
separate stopper, between which the sheet 7 is left. If necessary, also 
the finger 12c or a corresponding point in the jig 12 can be used as the 
stopper. On the basis of the distance between the piston and the stop- 

30 per, it is possible to determine the number of sheets, and the sheets 
can be removed. Also other sensors according to prior art can be used. 
The means 17 are implemented, for example, by means of a cylinder 
actuator, known as such, provided with a linear sensor to determine the 
length of the stroke of the piston. For example, a measuring signal from 

35 the sensor is compared with the measuring signal obtained in the case 
of one sheet 7. The sensor means are connected, for example, to the 
stopper 12a or 12b. The sensor means generate, for example, an out- 
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put signal 1 9, on the basis of which the thickness of the stack of sheets 
and thereby also the number of sheets 7 can be determined. For the 
processing, the sensor signal 19 is led, for example, to the control 10 of 
the robot, and the robot 5 is instructed to bring the sheets 7 to a given 
5 location or to perform other given operations. The sensor means 17 
may also comprise a separate control system which processes the 
data obtained from the sensor and gives the control 10 and/or the con- 
trol means 1 1 an alarm signal that there are several or no sheets 7. 

10 Preferably, the checking is performed simultaneously with normal 
movements when the sheet 7 is brought and delivered to the jig 12, or 
when it is transferred in the jig 12, or when the sheet 7 has been 
placed in its position, or when it is removed from the jig 12. The princi- 
ple is that the checking does not cause delays in the work cycle, 

15 wherein the checking should not require extra movements of the robot 
5 or cause unnecessary waiting. Preferably, the checking takes place 
when the sheet 7 is centered and at rest. The robot is thus moving 
towards the sheet 7 or is almost ready to pick up the sheet 7. In Fig. 3, 
the jig 12 is shown in an embodiment in which it can be placed either 

20 onto the support of the arm 16 of Fig. 2 or directly onto the floor, 
wherein the jig 12 does not move. 

In one embodiment, the sensor means 17 are placed in the gripper 13 
of the robot 5, wherein it is possible to apply particularly the above- 

25 mentioned jaw-type means. In the case of metal sheets 7, it is also 
possible to apply magnetic fields in the detection. In the case of 
detecting the quantity of sheets 7 on the pallet 9, or the number of 
sheets 7 in the gripper 13, the detection can be performed simultane- 
ously when the robot 5 is moving to the jig 12. If the alarm signal is 

30 available before the sheet 7 is placed in the jig 12, time is saved, and 
the sheet 7 can be returned faster to a given storage location, for 
example to the pallet 14. 

The combination of the jig 12 and the sensor means 17 can also be 
35 used to accelerate the operations in the case that the jig 12 is installed 
in a stationary location, for example on the floor. In this case, the 
delays caused by the checking can also be reduced in connection with 
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such robots 5 which do not move. Nevertheless, the jig 12 can be 
connected to the robot 5, which is installed in a stationary position, as 
shown in Fig. 2, or to its stationary frame. At the same time, the 
advantage is achieved that the position of the jig 12 does not need to 
5 be verified by measurements or other operations, because the con- 
necting means or the arm 16 determine the location of the jig 12 pre- 
cisely in relation to the robot 5. 

The invention can also be applied in connection with other manufac- 
10 turing cells for manipulating, for example by pressing, bending, form- 
ing, cutting, punching or in another way, various sheets or work pieces, 
which are suitable for being manipulated by a robot and require cen- 
tering in a desired position. Alternatively, the apparatuses may com- 
prise, for example, a drilling device for machining the work piece in a 
15 desired manner. 

The installation, which comprises the robot, i.e. the automated 
manipulating means 5, the carriage 2 with its rails 3 and 4, i.e. the 
transfer means, and the positioning means 12, is also useful in various 

20 transfers of other work pieces, when also the time that goes for the 
transfers and the centering of the work piece is to be optimized. It is 
thus possible to use, for example, a device which receives the work 
piece, grips it, centers it and then places the work piece precisely in a 
desired position, for example on a pallet. In the case of Fig. 1, the robot 

25 5 can thus merely transfer sheets 7 from the pallet 8 to the pallet 9. 
The work piece is thus in a given position and location for the next work 
stage, wherein the next device or robot can grip it at a correct point. 
The operation of such a type often involves the requirement that the 
robot must move along a given path, wherein advantages are achieved 

30 by reducing the number of stops and by combining functions. 

Alternatively, the manipulating means 5 comprise a mechanized 
device, which may be constructed for one purpose only and which con- 
sists of a set of actuators and a control for timing their operation. A 
35 robot, in turn, is more versatile and it can be quickly and easily re- 
programmed for variable functions, if necessary. 


I 


10 

In the above-presented description, the invention has been illustrated 
by means of some examples, but the invention can also be applied 
within the scope of the appended claims. 


